Critical environments, including water systems in recreational settings, represent an important source of Legionella pneumophila infection in humans. In order to assess the potential risk for legionellosis, we analyzed Legionella contamination of water distribution systems in 36 recreational facilities equipped with swimming pools. One hundred and sixty water samples were analyzed from shower heads or taps located in locker rooms or in bathrooms. By culture method and polymerase chain reaction, 41/160 samples were positive for Legionella from 12/36 recreational centers. Hotels (57.1%) and sports centers (41.2%) were the most contaminated. L. pneumophila serotypes 2-14 (25/41) were more frequently found than serotype 1 (10/41). Samples at temperature 30 W C were more frequently positive than samples at temperature <30 W C (n ¼ 39 vs n ¼ 2, p < 0.00001). The presence of L. pneumophila was investigated by comparison with heterotrophic plate count (HPC), an indicator of water quality. The presence of L. pneumophila was associated more frequently with high and intermediate HPC load at 37 W C, therefore should be considered a potential source when HPC at 37 W C is >10 CFU/mL. Maintenance, good hygiene practices, interventions on the hydraulic system and regular controls must be implemented to minimize exposure to L. pneumophila infection risk.
INTRODUCTION
Legionella is a fastidious Gram-negative bacterium living in natural aquatic environments (lakes, rivers, etc.) . It can be found at high concentrations in artificial habitats such as warm man-made water systems. Temperatures between 25 and 43 W C, the inorganic and organic contents of water, and the presence of protozoa play key roles in the replica-documented regarding outbreaks of legionellosis (Smith et al. ) .
The incidence of the disease has been significantly increasing in recent years. In the USA, a 192% increase in the crude national incidence of Legionella disease has been observed, rising from 3.9 cases per million inhabitants in 2000, to 11.5 cases per million inhabitants in 2009 (Cunha et al.  The samples were taken as part of a microbiological risk monitoring campaign for control of the territory carried out in collaboration with Local Health Authorities as required by law for these types of building.
Microbiological analysis
Legionella isolation was performed in accordance with the selective procedure described in the Italian guidelines (Linee Guida ). The results were expressed in CFU/L and the detection limit, based on the concentration factor and the volume of the inoculum, was 10 CFU/L. Accuracy of method is monthly checked through internal titered control. Table 3 ). The L. pneumophila serotypes 2-14 were found more frequently than serotype 1. Finally, in 134 of 160 water samples, the presence of L. pneumophila and its load have been compared to the total bacterial load ( Table 4 ). The HPC at 22 W C did not correlate with L. pneumophila in the analyzed samples (p > 0.05). However, the high (>10 3 CFU/mL) and intermediate (10 1 -10 3 CFU/mL) total bacterial load of the HPC at 37 W C is generally correlated to a higher frequency of positivity for L. pneumophila (p < 0.005 vs total bacterial load >10 3 CFU/mL and 10 1 -10 2 CFU/mL). The infection with Legionella is known to be associated with the inhalation of aerosols containing the bacteria.
RESULTS
Therefore, the aerosol created in the showers has been identified as a potential pathway for exposure to Legionella from colonized pipes (Cowen & Ollison ; Schoen & Ashbolt ) .
In recreational centers with a swimming pool, it is mandatory to shower before diving in the pool, therefore it is clear how the risk of exposure is greater if the water system is contaminated with Legionella.
According to the above considerations, the survey pre- Beach resort and amusement park 0 n.a n.a n.a n.a n.a n.a It is interesting to note that the larger structures showed greater contamination, probably due to the complexity of the hydraulic system, characterized by a high number of distribution points and by the occurrence of stagnation points in pipes, where the disinfection treatment could be more complex and less effective (Borella et al. ) .
In six sport facilities, a notice to perform appropriate sanitizing actions was issued and subsequently controls were performed to evaluate the absence of Legionella, or at least the reduction of the bacterial load (data not shown here).
In some structures, a repeated treatment has been required to remove Legionella by changing the cleaning mode in order to increase its effectiveness. In our practical experience, we have observed that the most effective solution has been using in combination two treatments of Although in recent years attention regarding the risks of all the population has increased, in these establishments microbiological surveillance should be more frequent, in order to control the environmental spread of Legionella.
Facilities' administrators and operators should be responsible for operations and management, including the water distribution system. Proper planning, design, installation, and management of the hydraulic system must be followed by specialized operators and maintained by qualified personnel, because good general hygiene practices and interventions to minimize exposure to specific risks are the foundation of all the prevention activities. In particular, the presence of Legionella should be considered and investigated in potential sources when high loads of heterotrophic bacteria or its variations are present.
Based on the results obtained, we consider it important to examine in depth the relationship between HPC and
Legionella and to extend the study to other analytical parameters that could facilitate the spread of Legionella in hot water distribution circuits.
